INTRODUCTION
Physical properties measured during Leg 41 include mass bulk physical properties (wet and dry density, water content, void ratio, and porosity), sound velocities, shear strengths, drilling rates, and a limited number of laboratory consolidation tests. As stated by Rocker (1974a) the term "physical properties" consists strictly of laboratory or shipboard "measurements" performed upon "least disturbed" samples, and do not necessarily reflect true in situ values. Certain variations of measured properties with respect to in situ conditions are discussed.
Variations in standard shipboard procedures employed during Leg 41 are described and followed by a tabulation of the measured physical properties. A discussion follows of the interrelationship between the physical properties and sedimentological data for each of the five investigated sites.
TEST PROCEDURES EMPLOYED DURING LEG 41
Shear Strength Shear strengths were measured on recovered samples by means of a miniature vane shear device as employed by Bennett and Keller (1973) , Lee (1973) , and Rocker (1974b) during DSDP Legs 16, 19, and 29, respectively. A thorough discussion of the miniature vane apparatus has been presented by Boyce (1973a) .
The miniature vane employed measured approximately 0.5 × 0.5 in. (height × diameter). Torque was applied through a calibrated spring at a rotation rate of about 90° per min. A simple nomogram employing the spring calibration results was constructed to facilitate rapid conversion from angle of rotation to shear strength. It is to be noted that the term "shear strength" as measured by the miniature vane apparatus refers to the "cohesion" of the clays and silts measured in an undrained, unconsolidated condition. Few shear strength measurements were performed during Leg 41, due to the small number of retrieved samples within the uppermost soft sediments at most sites, in order to reach important site objectives.
Mass Bulk Properties Measurements
The following mass bulk sediment properties were measured onboard: bulk density or wet unit weight, water content, void ratio, porosity, and specific gravity of solids. A number of GRAPE (Gamma Ray Attenuation Porosity Evaluator) values were determined for small subsamples tested for physical properties measurements, and are tabulated and discussed later in conjunction with each site. A description of the GRAPE method and results has been presented by Boyce (1975) .
During Leg 41 several of the standard mass bulk property measurement techniques (syringe, displaced water, and full section weight methods) were discarded and the following technique employed; wet volume and mass determinations were made on 10-15 g samples by means of an air-comparison pycnometer, employing helium gas for purging, and a triple beam balance. Samples were subsequently dried at 105°C for 18-24 hr. Then the dry volume and weight of the samples were determined and the mass bulk physical properties computed by:
(1) Bulk density = Difficulties were encountered when measuring velocities of soft sediments which had to be made through split liners, the results exhibited inconsistencies due to inaccuracies in the determination of sample thickness and the presence of drilling slurry between sample and liner. The velocity measurements were performed in both the vertical and horizontal directions where feasible, in order to determine acoustic anisotropy.
Consolidation Tests
Laboratory consolidation tests, with applied back pressure, were performed upon several samples obtained during Leg 41 for the purpose of determining preconsolidation pressures. A discussion of the procedures and purposes of these tests has been presented by Trabant et al. (1975) and Hottman (in press) for samples obtained on DSDP Legs 31 and 40. The results are discussed herein along with the accompanying e-logp curves and overburden calculations.
SUMMARY OF SHEAR STRENGTH
MEASUREMENTS Only a few cores were retrieved within the uppermost soft sediments at Sites 366 and 367, the results of which are listed in Table 1 . Strength measurements are plotted versus depth for Sites 368 through 370 in Figure 2 .
Site 368
Shear strength measurements at this site display a slight increase in value to a depth of 233 meters, where the volcanic shard zone is encountered. A value of 1.05 kg/cm 2 is associated with the shard zone while the underlying stiff clays soon exceed the maximum measurable value of 5.0 kg/cm 2 below a depth of 289 meters. The latter increase corresponds approximately to the top of Lithologic Unit 2A, where a facies change from calcareous oozes and marls to clays and claystone occurs.
Site 369
Shear strength data gathered at this site reveal a "geotechnic break" or marked increase in strength values at a depth of 40 meters as illustrated in Figure 2 . Although there appears to be no observed lithologic change, shear strength values suddenly increase from less than 1.0 kg/cm 2 to well over 3.0 kg/cm 2 . This abrupt increase in strength values corresponds to the Pliocene/Miocene boundary and suggests the possible removal perhaps by slumping of sediments from above the boundary prior to the onset of Pliocene sedimentation. It is also possible that an undetected change in geochemical or sedimentological properties is the cause for this unusual increase in shear strength. Below a depth of 180 meters shear strengths are above 5 kg/cm 2 , the maximum values measurable with the minature vane apparatus.
Site 370
Shear strength data were obtained at this site within each of the first five cores retrieved to a depth of 326 meters. Miniature vane values obtained on chunks of undisturbed material were employed as the widely spaced coring program produced heavily disturbed samples. The sparsity of data reveals unusually low shear strengths at a depth of 208 meters, indicating a relatively under consolidated material. Maximum shear strengths above 5 kg/cm 2 are encountered at 325 meters which is slightly deeper than the previous four sites. It thus appears that the upper 300 meters at Site 370 may be slightly under consolidated relative to previously drilled sites during Leg 41.
MASS BULK PROPERTIES AND VELOCITIES
Porosity values and acoustic velocities measured onboard during Leg 41 are shown in Figures 3 through 7 to illustrate the variation of sediment mass properties with depth. Additional mass property data are listed in Table 1 .
Site 366 (Hole 366A)
This site was located on the Sierra Leone Rise and drilled to a total depth of 850 meters. Sediments consisted of nanno oozes and marls grading into chalks limestones and marlstones with occasional interbedded cherts and porcellanites. The porosities depicted in Figure 3 show a moderate decrease from 70% within the uppermost nanno oozes to about 50% at the base of Lithologic Unit 2 at a depth of 480 meters. Porosities thus decrease approximately 20% within the nanno oozes, marls, and chalks of the first 460 meters. This reduction in void space is essentially attributable to the effects of compaction caused by the increase in overburden pressure associated with these depths.
Similarly the velocity data illustrated in Figure 3 show a slight increase from 1.5 km/sec at the sea floor to approximately 2.0 km/sec at the base of Lithologic Unit 2. Within the underlying Lithologic Units 3 and 4, however, there is a rapid reduction in porosity to values approaching 10%. This marked reduction in void space is associated with the lithification of pelagic sediments comprising Lithologic Units 3 and 4, which are composed of siliceous and argillaceous limestones with interbeded cherts and porcellanites. Velocities measured within these units attain values close to 4.0 km/sec within the cherts and porcellanites, while the A stable increase in porosity values up to 45% and associated decrease in velocities is found below a depth of 600 meters. Porosity values tend to decrease thereafter, approaching 20% at 800 meters, where velocity data have a range of between 2.5 and 2.8 km/sec. A calcarenite sample from 740 meters produced a porosity of 41% and velocity of 1.95 (vertical) and 2.12 (horizontal) km/sec. The low velocities and related increase in porosity below 680 meters are associated with lower Eocene argillaceous limestones and marls which are devoid of siliceous material.
Site 367
Site 367 was located in the Cape Verde Basin. The site was abandoned upon coring basalt below upper Jurassic (Kimmeridgian, or older) argillaceous limestone.
Four major lithologic units may be defined, according to their physical property characteristics. A siltyclay zone containing some zeolites extends down to the upper Cretaceous at about 620 meters below the sea floor. Below this sequence a gassy black claystone/shale unit, dated as Cenomanian-Albian in age, extends to approximately 840 meters. Between the latter zone and the basalt, cored at 1144 meters, the sediments consisted of a variety of well-cemented limestones.
The pososity data, plotted in Figure 4 , have an overall decrease with depth from 65% to less than 10% within the lower limestone unit. The values are highly scattered reflecting the large variation in lithology encountered at this site. Limestones below 840 meters have porosities of less than 30% and are segregated in Figure 4 by a dashed line. The wide variability of porosities in the uppermost 500 meters reflects a variety of sediments which include marls, clays, zeolitic clays, and varying admixtures of sand. The various combinations of grain size are believed responsible for the wide range of porosities (39% to 74%).
Velocity data are lacking throughout the clay, sand, and shale sequence due to the brittle and expanding nature of these sediments when retrieved aboard Glomar Challenger. Velocities within the uppermost marls ranged from 1.49 km/sec to 1.66 km/sec. These values, however, were obtained on disturbed samples and consequently reflect a lower velocity limit. Velocities obtained within the various limestone units display a high degree of anisotropy as well as a wide range of velocities. The latter run from 2.0 km/sec up to 4.4 km/sec with purer limestones having higher velocities than those which are argillaceous.
A mini core obtained within a homogeneous finegrained section of basalt drilled at 1150 meters produced a velocity of 4.26 km/sec.
Summary
Four major lithofacies may thus be recognized at Site 367 according to their physical properties. 1) A silty-clay unit above 625 meters composed of nanno-foram marls and clays, diatomaceous clays, zeolite clays with a few cherts (porosity value of 39% at 373 meters) and a multicolored variegated silty clay. This sequence reflects a transition from unconsolidated to well indurated silty clays with velocities below 2.0 km/sec.
2) The second unit consists of a gassy shale/mudstone which includes a few intercalated limestones. Velocities on retrieved samples were too attenuated to be measured due to the large gaseous phase.
The intercalated limestones in the sequence increase in relative percentage towards the base, where the unit becomes entirely limestone. Porosity within the shales is somewhat meaningless due to the presence of gas. The specific gravity values strongly reflect the large amount of organic matter, with values as low as 1.65 g/cc.
3) This unit consists of a large variety of limestone which exhibit variations in the physical properties according to their carbonate and clay content.
4) The basalts recovered at the base of the hole were only measured for velocity and specific gravity. Calcite veins were present, although their effects on the acoustic velocities were not determined.
Site 368
Three major lithofacies were encountered at Site 368: (1) foram-nanno oozes and marls ranging from Pleistocene to lower Miocene in age; (2) unit 1 progressively grades into a silty clay sequence (Unit 2) at 266 meters; this second unit consists of multicolored (mostly green) silty clays grading into siltstones with interbedded chert (below 350 m) and a few volcanic ash layers between 230 and 250 m; (3) black shales below 950 meters in which a limestone bed, two thin (10 cm) and a thicker (12.5 m) diabase layers were found interbedded.
Porosities decrease from 74% to 52% within the nanno oozes and marls while exhibiting a large degree of variability below a depth of 150 meters, as illustrated in Figure 5 . Between 150 and 400 meters the mass physical properties data are erratic due to the cyclic and lithologic variations found at the base of Unit 1 and top of Unit 2. This zone grades from loose nanno oozes to silty claystones with numerous interbeds which include: marls, clays, silty clays, and several volcanic ash layers. Velocity data throughout this zone reflect similar variability and resulted in poor velocity data within this portion of the hole.
Below a depth of 400 meters physical properties data exhibit a slight increase in porosity data from 60% to a maximum of 68% at 516 meters ( Figure 5 ) within the cyclic green claystones of Lithologic Unit 2. Due to the friable nature of these claystones, velocity measure- ments were poor and consequently discarded. Porcellanites measured for acoustic velocities at 371 meters and 585 meters produced values of 3.29 and 5.0 km/sec, respectively. Below a depth of 650 meters, beneath the lower cherts and porcellanites of Unit 2A, porosity values decrease along a linear trend except within lithologic Unit 2B (700 to 750 m) where a 50-meter section of interbedded shales was encountered (see Figure 5 ). Black organic-rich shales encountered about the diabase sills of Lithologic Unit 3 displayed large variability in porosity which ranged between 53% and 32%. The diabase sill encountered at 951 meters produced a velocity of 3.55 km/sec. A rough linear trend of decrease in porosity has been sketched in Figure 5 .
Site 369
Site 369 was drilled midway down the continental slope into the continental side of an anticlinal feature. Five major lithologic units were encountered, which include a series of nanno marls down to 127.5 m (Unit 1 A), ranging in age from Quaternary to lower Miocene. This unit overlies a sequence of siliceous nanno marls down to a depth of 346 m (Unit IB) which includes lower Miocene to middle Eocene sediments. Unit 2A extends from 346 to 393.5 meters and consisted of middle Eocene to upper Cretaceous argillaceous nanno limestone and chalk with interbedded chert and porcellanite. Unit 2A grades into argillaceous marls and chalks within Unit 2B which is upper Cretaceous in age and extends down to a hole depth of 422 m. Below Unit 2 occur silty nanno marls, which are upper Albian, to the final hole depth of 488.5 m. Measured bulk properties data and acoustic velocities are presented in Table 1 with a plot of porosity and velocity versus depth illustrated in Figure 6 . No GRAPE values were obtained due to rotation of the core barrel during drilling operations, which produced spiral grooves in the core samples.
The results of shipboard porosity measurements indicate a slight scatter along a linear decrease in values down to the upper Albian sediments. Values range from 68% to 6% while the general trend is a net reduction from about 60% at the sea floor to 40% at the greatest depth drilled. Very low porosity values were obtained within porcellanite retrieved at 358 meters, marlstone and chalk from 450 meters, and within a gypsum and marlstone sample from a depth of 473 meters. Velocity measurements on cored samples indicate a linear increase from 1.55 km/sec at sea floor to just over 2.0 km/sec at a depth of 425 meters. Unusually high velocities were obtained within the aforementioned low porosity samples as depicted in Figure 6 . The porcellanite at 358 meters may thus be considered atypical in view of the bed thickness of a few centimeters. Several velocity measurements were obtained within the slump feature centered about a depth of 300 meters; these ranged between 1.75 and 1.88 km/sec and represent a narrow spread for the sedimentological variety within this feature.
Site 370
A plot of porosity and velocity values with depth for Site 370 is presented in Figure 7 . These data show several irregularities associated with the various lithologiės encountered. The uppermost sedimentary Units 1 through 3A display a decrease in porosity from over 50% (in Quaternary clays) at the seafloor to less than 40% within a calcareous silty clay of upper Eocene age. Shipboard measured velocities within this interval exhibit a related increase from 1.55 km/sec to over 2.4 km/sec. At a depth of approximately 460 meters a net decrease in porosity and associated increase in velocity is observed in the calcareous silty clays (and porcellanites) of Lithologic Unit 3B. This feature is believed to be associated with the observed increase in cementation of the clay sediments and the occurrence of porcellanite. Porosity values decrease once more within Lithologic Unit 3C at a depth of 530 meters in a thick sequence of turbidites composed of calcareous silty clay with silt, sand, porcellanite, and chert. Acoustic velocities tend to decrease, while values ranging between 3.0 km/sec and 4.5 km/sec occur in the cherts and porcellanites which similarly display porosities of less than 20%.
Lithologic Unit 4 contains relatively higher porosities (above 40%) measured within a thin sequence of nanno marls which gradually grade into nannobearing claystone of Unit 5A. Below a depth of 750 meters the effect of cementation reduces porosities linearly from 40% to 20% at the maximum depth drilled of 1176.5 meters.
Velocity and porosity values are scattered about two semiparallel lines with depth at the lower half of Site 370 as a result of the frequent occurrence of cherts, porcellanites, and cemented sandstones.
CONSOLIDATION TESTS SITE 368
Consolidation characteristics provide an additional tool for the understanding of depositional processes and the history of sediment accumulation within ocean basins. Also, the data provide engineering criteria for the sediment-bearing capacity, and slope-stability problems. However, little work has been published on mass physical properties and even less on consolidation characteristics. Samples from DSDP Leg 10, Leg 16 (Keller and Bennett, 1973) , Leg 18 (Lee, 1973) , and Leg 31 (Trabant et al., 1975) had been evaluated for their consolidation characteristics and associated geotechnical properties prior to the work described here.
Consolidation refers to the reduction in volume of a sediment under an imposed load, while the synonymous term "compaction" is employed with reference to the process of hardening or lithification of a sediment. Four samples obtained at Site 368, composed predominantly of terrigenous sediments, were consolidated in the laboratory according to standard procedures (Lambe, 1951) . The consolidometer apparatuses were back-pressure units (Lowe et al., 1964) in which a back pressure of 7 atm was maintained on the samples throughout the duration of the tests. This permits the near-total redissolution of any gases due to the removal of hydrostatic pressure, associated with sample retrieval.
The consolidation test, in the very simplest of terms, consists of the application of a normal (vertical) load (pressure) upon a small (4.45 cm or 6.125 cm diameter) free-draining, confined, cylindrical sample of sediment. The loads are increased with time and are usually doubled at 24-hour intervals, while the rate and amount of volume decrease under each load are recorded. The results of the tests are displayed in Figures 8 through 11 as a plot of void ratio (volume of voids divided by the volume of solids) versus the log of normal pressure, commonly referred to as an e-log p curve. This curve serves as the basis for settlement calculations, as well as determining the proconsolidation pressure (the greatest load to which a sediment has been subjected).
Consolidation tests normally provide a means whereby the depositional history of an accumulation of sediments can be determined. In soil mechanics terminology, a deposit is said to be normally consolidated if the effective overburden pressure (Po) is equal to the preconsolidation pressure (Pc). The effective overburden pressure acting on an in situ sample is equal to the difference between the overburden pressure (Po) or stress and the pore water pressure. The total overburden stress is the combined wet-bulk density of the overlying sediments minus the unit weight of the water. Thus, to determine the effective pressure, acting on a sample in place, one needs to know the difference between the expected hydrostatic and in situ pore-water pressure. In spite of the lack of in situ pore-pressure measurements, a good first-order approximation of the in-place effective overburden pressures is obtained as the total stress from the reported wet-bulk-density measurements.
If the computed overburden pressure is greater than the preconsolidation pressure, the sediment is said to be underconsolidated, that is, the sediment does not appear to have consolidated (drained its excess pore pressure) under its present load. On the other hand, if the overburden pressure is less than the preconsolidated pressure, the sediments are said to be overconsolidated. Underconsolidated sediments commonly occur in areas of rapid sedimentation such as deltas (Fisk and McClelland, 1959) and are due to insufficient time for the drainage of pore water (Moore, 1964) . Sample disturbance may also produce underconsolidation. Conversely, overconsolidated sediments may be the result of the removal of overlying sediment (reduction in overburden), desiccation of sediments, unusual physicochemical interparticle binding or cementation, or any externally applied stress.
The four consolidation tests were performed upon Miocene pelagic clays obtained within Lithologic Unit 2B, each of which is described below with respect to sample depth at Site 368.
175 meters-Besides a fine fraction of clays, this sample contained coarse material including pyrite, pteropods, and a few well-preserved fish teeth. The elog P curve of Figure 8 indicates a gradual "break" which provided an approximate preconsolidation pressure (Pc) of 8 kg/cm 2 according to the Casagrande method (1936) . In comparision to the computed overburden stress (Po) of 10.5 kg/cm 2 (employing an average bulk density of 1.60 g/cc) the difference in stress is not particularly significant.
275 meters-The coarse fraction of this silty clay sample contained pyrite, fish teeth, calcite pellets, and shallow water benthic forams. The slight "break" in the e-log P curve rendered the determination of Pc difficult. A preconsolidation value of 8 kg/cm 2 indicates a net underconsolidation of 9.5 kg/cm 2 when compared to the average bulk density calculated overburden for this depth of 17.5 kg/cm 2 . 288 meters-The Miocene silty clay sample from this depth contained a few calcareous benthic foraminifera and some aeolian quartz grains. The measured initial void ratio of 1.56 is high for such sediments at this depth and is evident in the calculation of the preconsolidational pressure of 2.5 kg/cm 2 . An overburden stress based upon an average bulk density of 1.70 g/cc produced a value of 18.4 kg/cm 2 . The difference between these two values amounts to 15.9 kg/cm 2 indicating a high degree of underconsolidation.
330 meters-The sample consolidate from this depth contained a coarse grain fraction composed of pyrite and quartz grain filling within burrow tubes. The tested sample had an initial void ratio of 2.53, a very high value for this depth. The e-log P curve of Figure 11 exhibits a break in slope which produced a preconsolidation figure of 2.6 kg/cm 2 . The computed overburden stress (Po), by use of an average cumulative bulk density of 1.7 g/cc, gave a value of 21.3 kg/cm 2 , nearly tenfold that of the laboratory determined maximum past stress. A value of 18.7 kg/cm 2 may thus be attributable to underconsolidation, possible excess pore pressures, or sample disturbance.
Summarizing these consolidation test data, one finds an ever increasing degree of underconsolidation with depth.
The values are 2.5, 9.5, 15.9, and 18.7 kg/cm 2 at the respective sample depths of 175, 275, 288, and 330 meters at Site 368. The samples were specifically selected to follow a trend of increased porosity values (depicted in Figure 5 ) below a subbottom depth of 200 meters.
Although the underconsolidated nature of the tested samples may be attributed to coring disturbance, this would appear unlikely in view of sample selection, the trend towards an increase in underconsolidation values with depth, and the results of similar investigations on DSDP samples (e.g. Keller and Bennett, 1973) . More samples from Leg 41, tested for their consolidation characteristics, may provide valuable data towards the above trend as well as confirm the precise nature of the sudden increase in shear strengths at a depth of 40 meters at Site 369.
VELOCITY COMPARISONS, ALL SITES
As stated earlier, velocity (P-wave) measurements were made in both the horizontal and vertical directions on samples collected during Leg 41. While specific values are listed in Table 1 , Figure 12 is a plot of measurements made in both directions to illustrate the anisotropic velocity effects within the sediments. The dashed line of Figure 12 represents no anisotropy and reveals the trend towards greater measured velocities in the horizontal plane. As discussed by Marshall (1975) this directional dependence is attributed to the presence of unsilicified or less silicified (porcellanite) interlayers within cherts. Similarly within lesser cemented calcareous and terrigenous samples, velocity measurements reflect the higher interlayer values when measured horizontally. Vertical velocity measurements, on the other hand, reflect average interlayer velocities within the nonhomogeneous minutely layered cemented sediment samples. It thus appears that the anisotropy of measured acoustic velocities is attributable to sedimentological variations within sampled sediments. Figure 13 represents a plot of the measured acoustic velocities (P-wave) versus porosity for Sites 366 through 370 of Leg 41. No attempt was made to classify the data according to lithologic type, however, the greater velocities (above 2.0 km/sec) are indicative of well cemented limestones and cherts. The dashed line represents the solution of the empirical equation derived by Nafe and Drake (1957) for n = 5 (an empirical value) and is presented for reference only. The data collected during Leg 41 display a relatively large scatter, which is possibly due to the correspondingly wide variety of sediments encountered. Lithologies represented in Figure 13 include oozes, clays, claystones, chalks, limestones, cherts, and basalt. The plot is nonetheless typical for marine sediments as discussed by Nafe and Drake (1963) .
A plot of drilling rate versus acoustic velocity (horizontally measured P-waves) shown in Figure 14 is too highly scattered to draw a meaningful relationship. Correlating shear strengths to drilling rate also provided no apparent relationship. It thus appears that factors other than lithology and sediment physical properties are responsible for major variations in drilling rates. A very general trend with a low correlation coefficient is nevertheless discerned in the plot of Figure 14 .
